Abstract: We experimentally demonstrate a continuous variable quantum erasure-correcting code, which protects coherent states of light against complete erasure. The scheme encodes two coherent states into a biparty entangled state, and the resulting 4-mode code is conveyed through 4 independent channels that randomly erases the signal. We show experimentally that the transmitted state can be corrected by performing a syndrome measurement followed by a corrective transformation.
Introduction
Quantum information processing relies on the robust and faithful transmission, storage and manipulation of quantum information [1] . However, since errors are inherent to any realistic implementation, the future of quantum information systems strongly relies on the ability to detect and correct for these errors. Quantum error code corrections (QECC) were first discovered for discrete variable qubit systems [2, 3] and only a few experimental implementations demonstrating correction of corrupted qubit states have been carried out.
We consider a scheme to eliminate these errors in a continuous variable (CV) quantum channel [4] . The error correction can be deterministic if the location of the error is known and only a single channel has been affected. If the location of the erasure is unknown and more than one channel has been corrupted, the signal can be recovered probabilistically where the transmitted state is either kept of discarded depending on whether an error was detected in the syndrome measurement. We have experimentally demonstrated both strategies and obtained transmission fidelities beyond what is possible by classical approaches. The schematics of our setup are depicted in Fig. 1 . The scheme encodes two coherent states into a bi-party entangled state, and the resulting 4-mode code is conveyed through 4 independent channels that randomly erases the signal. The key elements are the entanglement source, the quantum state preparation stage, the information channels and the verification stage. The entanglement is produced through the interference of two Gaussian, single-mode amplitude squeezed states generated by two optical parametric oscillators. The coherent states (the quantum information) are The deterministic protocol relies on the fact that one can correct the losses provided that one can monitor the occurrence of erasures. For example if Ch.2 is lost, the coherent state will be attenuated and polluted by quantum noise. However, since this noise is exactly correlated with the other half of the entanglement pair, we can partly recover the coherent state by amplifying the measurement with a gain of 2, where the second output port of the Mach-Zehnder interferometer is used as the idler input of the amplifier. In the work by J. Niset et al. [4] it was shown that the fidelity with unity gain is given by: F = 1/(1 + e -2r ), where e -2r correspond to the measured degree of two-mode squeezing. Fig. 2a shows a scan of the quantum mechanical oscillator comprising the coherent state quantum information of the input state. Fig. 2b illustrates the measurements at the homodyne detector HD1 after the fourmode state has been transmitted through the channel with erasure on channel 2. The state is clearly seen to be corrupted as the first and second moments of the quantum oscillator are significantly changed. However, by using the measurement outcomes of the SM to appropriately displace the transmitted state with the displacement gain, G, the quantum state is partially recovered as shown qualitatively in Fig. 2c for G = 1.97. Based on the measurements presented above, the fidelities are computed for various gains and the results are depicted by the blue squares in Fig.  2e . A maximum fidelity of about 0.57 is obtained which clearly surpasses the classical benchmark of 0.50. Similar fidelities are achieved for the erasure of channel 1, whereas fidelities close to unity are obtained when channel 3 or 4 are blocked. Measurements for which the two-mode squeezed state was replaced by vacuum are also carried out for different displacement gains. The resulting fidelities are depicted in Fig. 2e by the red circles, and they nicely illustrate the need for entanglement.
Experimental Realization of the QECC
In this contribution we will also present results for a probabilistic scheme, where the corrupted states are probabilistically corrected. Using this scheme, the stringent channel conditions mentioned above can be relaxed; we do not need to know the occurrence and location of the erasure. For this protocol is it also evident that the use of the entanglement-based code further increases the fidelity for all evaluated error probabilities.
